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 Provide the highest possible throughput 
downlink for the smallsats and cubesats
 Make it competitive with optical downlinks
Rationale
Adaptive Coding and Modulation
Link budget analysis – ACM vs CCM










Data volume in the downlink 
session (max)
72.6 Gbyte 57.5 Gbyte
Conditions: 700 km orbit, Earth station G/T=26.5 dB/K, 
satellite antenna G=16 dB, link availability 99.5%, 









Symbol rate 250 – 300 Msps
Modulation QPSK, 8PSK, 16APSK, 32APSK
FEC and framing DVB-S2
Adaptive coding and modulation
Output power 2 - 3 W
Power consumption less than 20 W
Power supply 12 V non-isolated (11-16.5 V) 
Size 1/4 - 1/3 U
Weight 300 – 350 g
Baseline
 Simple structure
 Low output filtering 
requirements
 Carrier feedthrough 
nulling and sideband 
suppression required
 Sideband leak results in 
the self-noise, esp. at 
wide bandwidth
 Carrier feedthrough 
and sideband leak 
lower than in direct 
IQ – often nulling not 
needed
 In practice power 
consumption may be 
lower than direct IQ
 More complex than 
direct IQ













 No carrier 
feedthrough and 
sideband leak
 Lower noise floor 
 Filtering after 
upconversion required
 Nontrivial DSP 
performance
 The simplest structure
 Greatest flexibility
 State of the art DAC 
and FPGA technology 
not quite ready for the 
X-band
 High power 
consumption at present























 Digital IF modulation
 IF frequency – L-band 
 Multi-GHz DAC with FIR interpolator filter 
and upmixer
 All digital functions and processing in the 
single FPGA chip
 Polyphase FIR filters, interpolators and 
digital upconverter. The architecture makes 
use of the extensive MAC resources of the 
FPGA chip. DSP system operates at the 
relatively low clock rate. This ensures easy 
place and route and limits power 
consumption.  
 A lot of unused FPGA resources, potentially 
available for the user logic 
 Flexible LVDS data interface (9 I/O pairs, 
functions definable in the FPGA)
 Control and telemetry interfaces: CAN-2B, 
RS-485 or I2C (assembly option)
 GaN MMIC power amplifier
 Ferrite isolator on the PA output, to ensure PA 
insensitivity to load VSWR
 High efficiency switching power supplies, with 
















Upconverting (mix with LO)













Up to 800 Mbps
X-band for Moon s/c
QPSK, 8PSK
CCSDS
4 – 19.2 Mbps
Detailed Design and Prototyping Results
Symbol rate 250+ Msps
Modulation QPSK, 8PSK, 16APSK, 32APSK (in dev)
FEC and framing DVB-S2(long frames)
               Adaptive coding and modulation
Output power 2.5 W
Power consumption 16 W
Size 87x93x30 mm
Weight 380 g
Operating temperature -20 °C… +50 °C
Survival temperature -50 °C… +65 °C
Mechanics GSFC-STD-7000
MTBF > 250k hours
Design life 3 – 5 years
Performance
Qualification Plan
 Mechanical test per GSFC-STD-7000 or more strict Russian standard
 Thermal-vacuum test: 17 cycles min to max operating temperature, 120 hours
 Radiation tests: 250 MeV or 1 GeV protons 1010 1/cm2 and total dose Co-60
 Flight test under negotitations
Production Tests
 Burn-in 168 h
 Mechanical (random vibration)




The CubeSat Transmitter Implementation
Spectrum swath in the X-band is 375 MHz Possible max. symbol rate is 250 – 300 Msps
Max power consumption 20 W Achievable output power is 2 – 3 W
High performance FEC and modulation + industry 
standard
DVB-S2(X) compatible
Robust thermal Design operating temperature -20…+50 C. Provide 
sufficient heat capacity to work minutes without 
heatsink  (hence mass at least 300 g)
Even cubesat can point high-gain antenna to the 
Earth station
Use pointed HGA in the link budget calculations
Substantial power consumption, but simple 
spacecraft power system
12 V power supply, non-isolated
HGA gain is about 17 dB for the 10x10 cm 
microstrip array
Overall, the link budget calculations reveal that 1 Gbps throughput ia achievable even with modest Earth 
stations (~3.5 m) and compact spacecraft HGA for most low-Earth orbits. 
Low cost
No-tuning design (as much digital as possible). 
Minimal parts count. No space parts, but radiation 
screening is a must.
Output spectrum vs SFCG mask
Modulator card
Upconvertor
and PA card
Assembled view
Exploded view
Low-temp solder
Thermally
 conducting gasket
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